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Original Article
Objectives: To objectively determine and compare the physical activity (PA) levels of adults newly diagnosed with type 2 diabetes 
(T2D) and adults without T2D in Vietnam using an accelerometer. 
Methods: A total of 120 participants with newly diagnosed T2D and 120 adults without T2D were recruited from a large hospital in 
Hanoi, the capital city of Vietnam. All participants wore an ActiGraph GT3X accelerometer for at least 5 days, including 1 weekend day. 
Freedson cut-off points were used to estimate different intensities of PA. In addition, comparisons between groups were made with 
respect to achieving the World Health Organization (WHO) and International Diabetes Federation (IDF) recommended PA guidelines. 
Results: Men with T2D had significantly lower levels of PA than men without T2D. The respective multivariable-adjusted mean values 
of daily step count, daily light-intensity, moderate-intensity, and moderate-to-vigorous-intensity PA were approximately 14%, 19%, 
and 22% lower in the men with T2D than in their non-T2D counterparts. However, women with T2D accumulated a greater number of 
steps per day than women without T2D. Only 59.2% of the adults with T2D met the minimum recommended level of PA (WHO and 
IDF), compared to 74.2% of adults without T2D (p<0.05). After adjusting for potential confounders, participants with T2D experienced 
50.0% significantly lower odds of achieving PA recommendations.
Conclusions: Vietnamese men with T2D were less physically active than those without T2D, and adults with T2D were less likely to 
meet PA guidelines. The results suggest a need for integrating PA into the self-management of this chronic condition.
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INTRODUCTION
Diabetes is now a global epidemic; it was estimated to afflict 
around 415 million people worldwide in 2015 and its burden 
pISSN 1975-8375 eISSN 2233-4521 
is projected to rise to 642 million by 2040 [1]. According to the 
World Health Organization (WHO), this epidemic is mostly due 
to the increase in type 2 diabetes (T2D), which accounts for 
90% of all cases of diabetes [2]. Notably, the number of people 
with diabetes in Southeast Asia has increased dramatically 
from 17 million in 1980 to 96 million in 2014 [3]. A significant 
economic burden, including direct costs, is incurred by pa-
tients, their families and the health care sector, while indirect 
costs related to productivity are also consequences of this rise 
in T2D and its associated complications [3,4]. 
Physical activity (PA) is an integral part of T2D prevention 
and management. In particular, moderate-intensity and mod-
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erate-to-vigorous intensity PA have been shown to reduce T2D 
risk by 49% [5]. Additionally, structured exercise training can 
improve glycaemic control in diabetic patients, with a 0.67% 
reduction in hemoglobin A1C levels [6]. Given the health bene-
fits of PA, the WHO recommends adults to accumulate at least 
150 minutes of moderate-intensity PA or 75 minutes of vigor-
ous-intensity PA per week to maintain health and prevent the 
development of chronic diseases [7]. Similarly, the Interna-
tional Diabetes Federation (IDF) advises adults with diabetes 
to undertake this amount of weekly PA, as well as recom-
mending participation in resistance training 3 times per week 
[8]. 
However, information about levels of PA among individuals 
newly diagnosed with T2D in developing countries remains 
limited [9,10]. Previous research conducted in developed 
countries has mostly relied on self-reported questionnaires 
[11-13]. Self-reported measurements, such as the Global Phys-
ical Activity Questionnaire (GPAQ) and the International Physi-
cal Activity Questionnaire (IPAQ), are valuable, but they are 
prone to recall bias and the effects of social desirability or so-
cial approval [14]. Moreover, a study undertaken in Canada in-
dicated that men and women with diabetes have different 
psychosocial, behavioural, and clinical characteristics that af-
fect their attitudes and behaviour towards self-care, which 
may impact their health outcomes [15]. Indeed, gender can 
modify the relationship between T2D and PA, as women with 
T2D have been found to be less likely to achieve the recom-
mended PA guidelines than their non-T2D counterparts [16]. 
Nevertheless, there is scant evidence about T2D and gender 
differences in PA engagement, particularly in developing 
countries.
Vietnam, a developing country in Southeast Asia, has been 
undergoing a rapid epidemiological transition. T2D has 
emerged as a priority public health issue, with 1 in 14 Viet-
namese adults predicted to have T2D by 2035 [17]. Previous 
studies have examined PA levels among the general Vietnam-
ese population using self-reported measures [18,19], but none 
have focused specifically on adults with T2D and none have 
used objective PA measures. The purpose of this study was to 
objectively determine and compare PA levels between adults 
newly diagnosed with T2D and adults without T2D in Vietnam 
using accelerometers. We hypothesised that adults with T2D 
would have lower levels of PA than their counterparts without 
T2D. 
METHODS
Study Design and Setting
This cross-sectional study recruited 120 participants who 
were newly diagnosed with T2D and another comparison 
group of 120 adults without T2D, comprising equal numbers 
of men and women (n=60) in each group. The sample size 
was calculated based on a comparison of 2 proportions [20], 
accounting for a 2-sided 95% confidence interval (CI) with 
85% power, and assuming a 20% difference in the prevalence 
of achieving PA recommendations between the 2 groups.
During the period from December 2015 to February 2016, 
recruitment and data collection took place at a large general 
hospital located in Hanoi, the capital city of Vietnam. This hos-
pital provides services for the entire catchment region of Ha-
noi. All potential participants attended outpatient clinics of 
the Department of Endocrinology and underwent a diagnostic 
test to confirm their T2D status. The comparison group (non-
T2D) were adults selected from the Department of General 
Medicine of the same hospital. Informed verbal and written 
consent was obtained from all participants. 
Participants
Participants were required to be aged 40-65 years, and the 
participants with T2D must have been diagnosed within the 
last 6 months. T2D status was determined by a physician using 
the 2006 WHO diagnostic criteria: a fasting plasma glucose 
level ≥7.0 mmol/L (126 mg/dL) or a 2-hour plasma glucose 
level ≥11.1mmol/L (200 mg/dL) [21]. Participants were ex-
cluded if they were deemed by the physician to be too ill or 
had injuries that would affect their ability to undertake regular 
PA. Participants with confirmed T2D were consecutively re-
cruited until the target quota was reached. 
The T2D-free status of the comparison group was confirmed 
by a physician using blood test results (i.e., a fasting plasma 
glucose level <7.0 mmol/L or a 2-hour plasma glucose level 
<11.1 mmol/L). The adults without T2D were recruited when 
they visited the participating hospital for a general health 
check-up or for the treatment of minor ailments. 
In total, 136 T2D patients were invited to take part in the study. 
Three refused and 13 persons did not subsequently wear the 
accelerometer as required. For the comparison group, 141 eli-
gible adults were approached, 6 refused to take part and 15 
did not wear the accelerometers properly. These participants 
(T2D group: n=16; comparison group: n=21) were excluded 
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from data analysis, resulting in 120 participants in each arm of 
the study. 
Physical Activity Measurements
ActiGraph GT3X+ accelerometers (Actigraph Corp., Pensaco-
la, FL, USA), a reliable, valid and widely accepted method [22], 
were used to measure PA levels and intensity (sedentary, light, 
moderate, or vigorous). Participants were required to wear the 
accelerometer on their right hip for at least 5 days, including 
at least 1 weekend day, for 10 hours daily, excluding water-
based activities. Non-wearing time was defined as 60 consecu-
tive minutes of zero counts, with an allowance of up to 2 min-
utes of counts from 1 to 100. The Freedson cut-off points for 
adults were adopted to estimate different intensities of PA, 
with sedentary behaviour being less than 100 counts per min-
ute (cpm), light-intensity PA being 100-1951 cpm, moderate-
intensity PA being 1952-5724 cpm, vigorous-intensity PA be-
ing 5725-9498 cpm, very-vigorous-intensity PA being >9498 
cpm, and moderate-to-vigorous-intensity PA being ≥1952 
cpm [23].
Other Variables
Information on demographic characteristics, cigarette smok-
ing, and alcohol consumption was collected through an inter-
viewer-administered questionnaire, whereas anthropometric 
measurements (weight, height, waist and hip circumferences) 
were collected using standardised equipment and protocols 
[24]. Clinical information, such as blood pressure and choles-
terol levels, was retrieved from hospital medical records. Hy-
pertension was defined as a systolic blood pressure (SBP) ≥140 
mmHg or a diastolic blood pressure (DBP) ≥90 mmHg [25], 
and hypercholesterolemia was defined as total cholesterol 
≥200 mg/dL or low-density lipoprotein cholesterol ≥130 
mg/dL [26].
Statistical Analysis
The characteristics of participants were compared between 
groups using the chi-square or Fisher exact tests for categori-
cal variables and the t-test or the Wilcoxon rank-sum test for 
continuous variables. Accelerometry data were exported from 
ActiLife 6, a data analysis software provided by Actigraph. The 
Table 1. Characteristics of participants by gender and type 2 diabetes (T2D) status
Characteristics 
Total Men Women
T2D Non-T2D p-value1 T2D Non-T2D p-value1 T2D Non-T2D p-value1
No. of participants 120 120 60 60 60 60
Age (y) 58.6±5.2 58.0±5.6 0.45 58.8±5.4 58.1±5.9 0.63 58.3±5.1 57.7±5.5 0.56
Education level2 0.25 0.08 0.93
   Primary school or lower 10 (8.3) 6 (5.0) 5 (8.3) 1 (1.7) 5 (8.3) 5 (8.3)
   Secondary school 44 (36.7) 36 (30.0) 20 (33.3) 14 (23.3) 24 (40.0) 22 (36.7)
   High school or above 66 (55.0) 78 (65.0) 35 (58.3) 45 (75.0) 31 (51.7) 33 (55.0)
Married 119 (99.2) 114 (95.0) 0.06 60 (100) 59 (98.3) 0.50 59 (98.3) 55 (91.7) 0.24
Smoking behaviour 0.01 0.01 0.24
   Never 78 (65.0) 95 (79.2) 21 (35.0) 35 (58.3) 57 (95.0) 60 (100)
   Former or current 42 (35.0) 25 (20.8) 39 (65.0) 25 (41.7) 3 (5.0) 0 (0.0)
Alcohol consumption 0.44 0.17 0.50
   Never 69 (57.5) 63 (52.5) 10 (16.7) 5 (8.3) 59 (98.3) 58 (96.7)
   Former or current 51 (42.5) 57 (47.5) 50 (83.3) 55 (91.7) 1 (1.7) 2 (3.3)
First-degree family diabetes history3 46 (38.3) 13 (10.8) <0.01 22 (36.7) 4 (6.7) <0.01 24 (40.0) 9 (15.0) <0.01
Body mass index (kg/m2) 23.5±2.7 22.3±2.4 <0.01 23.2±2.4 22.4±2.5 0.08 23.9±2.9 22.2±2.3 <0.01
Waist-hip ratio 0.9±0.1 0.9±0.1 0.90 0.9±0.0 0.9±0.1 0.39 0.9±0.1 0.9±0.0 0.57
Total cholesterol (mmol/L) 5.0±1.2 5.0±0.9 0.39 4.9±1.1 5.1±0.9 0.05 5.2±1.3 4.9±1.0 0.48
Systolic blood pressure (mmHg) 130.0±15.0 125.0±12.5 0.01 133.0±13.5 127.0±11.5 0.02 127.0±16.1 122.0±13.0 <0.01
Diastolic blood pressure (mmHg) 81.0±10.0 75.0±8.5 0.01 83.0±11.2 77.0±7.4 <0.01 80.0±8.6 74.0±9.2 <0.01
Data are presented as mean±standard deviation or number (%).
1Based on the chi-square or Fisher exact test for categorical variables and the t-test or rank-sum test for continuous variables.
2Primary school: having completed grade 5; secondary school: having completed grade 9; high school: having completed grade 12.
3Having parents or siblings with T2D. 
Vuong Van Do, et al.
104
levels of PA of participants with and without T2D were com-
pared using generalised linear regression models, adjusting 
for education (primary school or lower, secondary school, high 
school or above), age (continuous), gender (men or women), 
hypertension (yes or no), hypercholesterolemia (yes or no), 
and body mass index ([BMI], continuous). Mean values and 
standard errors were calculated for time spent wearing the 
device, daily step count, and level of PA intensity. Participants 
were also classified as achieving or not achieving the WHO 
and IDF PA recommendations, based on whether they accu-
mulated ≥150 minutes of moderate-intensity activity or ≥75 
minutes of vigorous-intensity activity per week. The associa-
tion between T2D status and the prevalence of achieving the 
PA recommendation was assessed using multivariable logistic 
regression models, accounting for the aforementioned poten-
tial covariates. Adjusted odds ratios (ORs) and associated 95% 
CIs were calculated. The potential interaction between gender 
and T2D status was examined through the Wald test of the re-
gression coefficient for the product term (gender×T2D) [27]. 
All statistical analyses were performed using Stata version 13 
(StataCorp., College Station, TX, USA). 
RESULTS
Table 1 presents the characteristics of all participants ac-
cording to gender and T2D status. Overall, participants with 
T2D had a significantly higher prevalence of ever smoking and 
a family history of T2D, a higher BMI, and higher SBP and DBP 
than their counterparts without T2D. There was no difference 
between the 2 groups in terms of education level, marital sta-
Table 2. Daily accelerometer-measured PA levels, wearing time, step count, and percentage meeting PA recommendations (WHO 
& IDF) 
PA level (min)
Total Men Women p for  
interaction1T2D Non-T2D T2D Non-T2D T2D Non-T2D
Crude mean±SE (adjusted mean±SE)2
   No. of participants 120 120 60 60 60 60
   Wearing time 845±102 866±98 851±102 871±89 840±102 863±105 0.93
(848±10) (867±10) (864±13) (867±13) (836±15) (864±14) 0.53
   Steps 5632±230* 6374±273 5550±348* 7047±460 5715±304 5702±272 0.03
(5866±8)** (6140±8) (5823±11)** (6744±11) (5973±11)** (5495±10) 0.07
  Light-intensity 176±5** 201±6 165±8** 205±9 188±7 196±8 0.03
(177±6)** (202±6) (167±9)** (206±9) (189±8) (197±7) 0.01
   Moderate-intensity 32±2* 39±2 33±3** 46±4 30±3 31±2 0.04
(33±2) (37±2) (35±3)* (45±3) (32±3) (30±2) 0.07
   Moderate-to-vigorous-intensity 32±2* 39±2 34±3** 47±4 31±3 32±2 0.04
(34±2) (38±2) (35±3)* (45±3) (32±3) (30±3) 0.07
   Sedentary 634±9 624±9 649±13 617±13 619±12 632±12 0.85
(635±10) (626±9) (656±14)* (617±13) (614±13) (636±13) 0.75
Met recommendations
   IDF-WHO level3
      n (%) 71 (59.2)* 89 (74.2) 38 (63.3)* 49 (81.7) 33 (55.0) 40 (66.7) N/A
      aOR (95% CI)4 0.5 (0.3, 0.9) 1.00 (reference) 0.4 (0.1, 1.0) 1.00 (reference) 0.7 (0.3, 1.6) 1.00 (reference) 0.78
   WHO (benefits)5
      n (%) 32 (26.7) 44 (36.7) 18 (30.0)* 30 (50.0) 14 (23.3) 14 (23.3) N/A
      aOR (95% CI)4 0.8 (0.4, 1.4) 1.00 (reference) 0.5 (0.2, 1.1) 1.00 (reference) 1.4 (0.5, 3.5) 1.00 (reference) 0.17
PA, physical activity; WHO, World Health Organisation; IDF, International Diabetes Federation; T2D, type 2 diabetes; SE, standard error; aOR, adjusted odds ra-
tio; CI, confidence interval; N/A, not applicable.
1Interactive effects between gender and T2D status on PA data according to the Wald test.
2Obtained from generalised linear models adjusting for education, age, gender, hypertension, hypercholesterolemia, and body mass index.
3Accumulation of ≥150 minutes of moderate-intensity activity or ≥75 minutes of vigorous-intensity activity per week. 
4Obtained from logistic regression models adjusting for education, age, gender, hypertension, hypercholesterolemia, and body mass index.
5Accumulation of ≥300 minutes of moderate-intensity activity or ≥150 minutes of vigorous-intensity activity per week (additional health benefits). 
*p<0.05, **p<0.01.
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tus, waist-hip ratio, total cholesterol, or alcohol consumption. 
Men with diabetes had a significantly higher prevalence of 
ever smoking and a family history of T2D, as well as higher SBP 
and DBP, than men without T2D. Compared to women without 
T2D, those with T2D were more likely to have a family history 
of T2D, a higher BMI, and higher SBP and DBP. In contrast, no 
significant differences were observed for socio-demographic 
and lifestyle factors. 
Table 2 shows the wearing time, PA levels, and prevalence of 
meeting the recommended WHO and IDF PA guidelines. On 
average, participants wore the accelerometer device for more 
than 14 hr/d. There was no difference in wearing time be-
tween the T2D and non-T2D groups in either the crude or ad-
justed model. Although all PA parameters (i.e., step count, 
light-intensity, moderate-intensity, and moderate-to-vigor-
ous-intensity) appeared to be lower among T2D participants 
without adjustment for covariates, only the daily step count 
and light-intensity PA remained significantly different be-
tween the 2 groups after accounting for the effects of con-
founding factors. In the stratified analysis, men with T2D en-
gaged in fewer steps and spent less time at all PA levels than 
men without T2D, and also had more sedentary time on a dai-
ly basis. In contrast, women with T2D took more daily steps 
than women without T2D, although no apparent differences 
were found for the other PA variables. A significant interaction 
was observed between gender and T2D status for light-inten-
sity PA only (pinteraction=0.01). 
Table 2 shows that only 59.2% of the participants with T2D 
met the minimum recommended level of PA, compared to 
74.2% of the participants without T2D (p<0.05). Stratification 
by gender further revealed that men with T2D (63.3%) were 
significantly less likely (p=0.03) to meet the recommended PA 
level than men without T2D (81.7%). The corresponding prev-
alence for women was lower (55.0% and 66.7%, respectively), 
although the difference was not statistically significant (p=  
0.45). Overall, just over one-quarter (26.7%) of T2D partici-
pants achieved the WHO recommendation for sufficient PA to 
obtain ‘additional health benefits’, in contrast to 36.7% for 
those without T2D. Compared to adults without T2D, those 
with T2D were 50.0% less likely to achieve the PA recommen-
dations, and there was no evidence of interaction between 
gender and T2D status. However, the proportion of those who 
engaged in enough PA to achieve additional health benefits 
was not significantly different between the 2 groups. 
DISCUSSION
This study investigated PA levels in adults newly diagnosed 
with T2D in Vietnam. To the best of our knowledge, this is the 
first such study using accelerometers to objectively measure 
PA levels of adults with T2D and without T2D in a developing 
country. The results showed that adults with T2D accumulated 
fewer steps and spent less time on light PA per day than adults 
without T2D. In particular, men with T2D engaged in less PA 
than their non-T2D counterparts, and a lower proportion of 
adults with T2D met the recommended PA guidelines for 
health benefits. 
Our finding that adults with T2D were less physically active 
is consistent with the few studies previously undertaken in 
developed countries [11,13,16]. However, the proportion of 
participants attaining the PA recommendation was higher 
than those reported in Lebanon (n=2195) [13] and Australia 
(n=629) [16]. The Lebanese study used the self-reported IPAQ 
short version to measure PA and found that 44.4% of partici-
pants with T2D exceeded 150 minutes of moderate PA per 
week, while 29.7% of participants with T2D in the Australian 
study met the PA guidelines as measured by pedometers. This 
disparity may be attributed to differences in socioeconomic 
status between countries, since people from lower-income 
countries tend to be more active than those from high-income 
countries [28,29]. As an alternate possibility, our findings were 
based on the use of accelerometers as a measurement tool. 
Accelerometers are considered to be an objective, practical, 
and accurate way of measuring the volume and intensity of 
the PA [30].
We observed significantly lower PA levels among only man 
participants with T2D. Evidence of effect modification by gen-
der on the association between T2D and PA remains scarce in 
the literature. A previous study of 629 Australians (293 with 
T2D and 336 without T2D) reported no significant difference 
in pedometer-measured daily step counts between men with 
and without T2D [16]. This discrepancy may be due to differ-
ences in cultural, socio-demographic, and environmental fac-
tors, or the type of PA measuring instrument. In addition, our 
finding of a positive association between T2D and daily step 
count in women is contrary to the aforementioned Australian 
study that reported a significantly higher number of steps per 
day among women without T2D. Women with T2D may have 
excessive cardiovascular risk compared to men with diabetes 
[16], and thus their underlying cardiometabolic abnormalities 
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may have hampered them from engaging frequently in PA. In 
the present study, it is plausible that Vietnamese women with 
T2D are more health-conscious than men [31] and may seek 
medical advice [32] to manage their diabetes, leading to more 
frequent engagement in PA [33].
It has been suggested that individuals with diabetes have 
poor physical condition, functional limitations [34], and fre-
quent sensations of fatigue [35], which prevent them from be-
ing physically active. In addition, a qualitative study of patients 
with dysregulated diabetes and complications or other co-
morbidities reported that lack of professional guidance, lack of 
accessibility to exercise facilities, and lack of awareness of 
where or how to exercise were major barriers to PA [34]. Adults 
newly diagnosed with T2D may not experience physical con-
straints; however, changing well-established habits, negative 
perceptions of the ‘new’ or recommended diabetes regimen, 
together with a lack of knowledge and understanding of how 
to live with T2D may act as barriers to being physically active 
[36]. Longitudinal and large-scale studies are needed to ascer-
tain factors affecting PA engagement by adults with T2D in 
Vietnam.  
Participation in PA can be affected by individual aspects and 
socio-environmental support [37,38]. Research has indicated 
that physicians play a key role in increasing the PA levels of 
adults with diabetes [13,39]. In particular, physicians can help 
patients newly diagnosed with diabetes restore their confi-
dence through education on the management of their condi-
tion [39]. It has been reported that adults with T2D are more 
likely to engage in PA than adults without T2D, after receiving 
the same advice from physicians [13]. However, an Australian 
study (n=1799) indicated that only 18.0% of patients received 
PA recommendations from their general practitioners [40]. 
Therefore, ready opportunities exist for physicians to become 
involved in PA education for adults with T2D. 
The major strength of our study was the use of accelerome-
ters to provide reliable and valid estimations of different inten-
sity levels of PA. Moreover, only adults newly diagnosed with 
T2D were selected to avoid the longer-term impacts of the 
disease on PA levels. We acknowledge that our convenience 
sample limited the generalizability of the findings. However, 
all participants were recruited from the same large hospital 
that serves the entire Hanoi catchment region, making the 
study population reasonably representative. Nonetheless, the 
lack of information about prior PA history made it difficult to 
assess possible changes in PA after the T2D diagnosis. Finally, 
the results observed in a cross-sectional study do not neces-
sarily indicate a causal relationship between T2D and PA.
In conclusion, Vietnamese adults with newly diagnosed T2D, 
especially men, were found to be less physically active and 
less likely to achieve the WHO and IDF recommended PA levels 
than others without the condition. As such, designing and 
promoting integrated PA education programs (home-based, 
community-based, or hospital-based for individuals with T2D 
in the early stages after diagnosis are imperative to the self-
management of the disease, with implications for its progres-
sion and potential complications. Physicians should actively 
educate T2D patients about the important role of PA in the 
management of their condition. Future research examining 
barriers to achieving PA recommendations among newly di-
agnosed T2D patients is required in order to develop effective 
primary care interventions.   
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